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tific Researclï.an'dDevelbpment 
-Application June .25, 1946, SerialNo. 679,125 

 2 .CIaims, 
This invention-relates fo an improved mica'o- 
second puise delay circuit. 
In connection with designing certain types of 
radar equipment, there bas been fomd fo be 
necessary a delay circuit giving a Sharp pulse 
outPut after a variable rime óf between one- 
tenth micro-econd and thirty micro-seconds 
from.the input of the sharp pu]se. 
,An object of the invention is. fo prode a/de- 
lay circuit capable of producing the operating 
characteristics noted. Other objects will,alpear 
from the following description of the invention. 
As .illustrative of one suitable-means of.ac- 
complishing this objective, Ihave designeà.the 
circuit iilustrated in the accompanying drawing. 
There is illustrated a flrst triode 0, which may 
be a 6SN7, functioning as a cathode follower, 
the plate I! of which ]S connected directly fo a 
300 volt B supply Il, the negative of which is 
at ground. Its grid I bas a high resistance leak 
I of 1 megohm fo ground, and its cathode 
]S coupled by an 850 mmf. blocking and storage 
condenser 16 fo ground. The cathode 5 is con- 
nected through a variable resistance I and first 
secondary 10 of a transformer 9 fo the grid 
of a second triode ! forming part of a block- 
ing oscillator 22. The plate II of this tube is 
connected through the primary of the trans- 
former fo the B supply Il. A second storage 
condenser 25 of 360 mmf. is connected between 
ground and the lead 26 from the resistance  to 
transformer 9 as a part of the tank for the grid 
20 in the blocking oscillator. 
The cathode 2 of the tube 2 is returned to 
ground through a variable resistance 20, and a 
shunt condenser 29 of 0.1 ml. This resistor 
having indicated value of 70 
of 150 K thereabove, are connected in series 
across the line of the B supply and together con- 
stitute a potentiometer by which the bias of the 
oscillator tube 2 is regulated, this bias being in- 
dicated as 58 volts, for instance, provided the 
input signal is a positive puise of, say, 90 volts 
as indicated ai $2. The secondary 0 of the 
transformer  9 is connected at one end to ground 
and ai the other to the output lead $. 
A positive puise, substantia!ly of the value and 
shape shown at $2 arriving at the input, the grid 
of the ïrst tube, will produce a strong positive 
puise af the cathode  rapidly charging the 
condenser , the charge leaking across the re- 
sistor I to the condenser , building up a posi- 
tive potential therein and on the grid 20 oî the 
second tube. When this potential bas risen to 
a value sufficient in relation to the adjustment 
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of: bias at resistor28; rthe tube2 I will  fïre. Ttïë 
sharp negative-going drop Of-potentiel: t tiie 
plate results in current.and buildup-Of a.iïéll 
at the primary 2; which-givesin-secondary-'$0 
5 the short high amplitude puise rise 3 . Absënce 
of leak from the grid I I to ground, "with-'con- 
sequent" build-up of negative charge thereon- in- 
cident fo the disCharge ' acroSs thé tube,. as- Weil 
as" the feedbackffrom coil I 0 ('after"acceiràtiig 
10 the" Ïlring puiseun the grid) producinga nêg 
tive-going component,.-operte fo tèrminàë-rthë 
positive- puise "on the: grid, -and this-is- hastëned 
by-r]se of potential-at-the cathcde 27, sU«as fo 
ëffect-a very prompt cutoff0f the"tuê. The 
15 sudden' restoration ofstatic-potentiàl-t- thê plate 
incident to-cutoff,and consequent.abruist»decay 
of the fleld of primary 2 will produce the sharp, 
short, extremely negative potential termination 
34 of the output puise. 
Such a pu]se shape is valuable in asstu'ing 
velT positive functioning of puise-responsive cir- 
cuits generally, where prompt termination of the 
action of the puise is desired. 
Restoration of the normal bias in tube 2 will 
20 occur by leakage of the excess positive charge 
across resistor 20, and possibly by a certain grid 
20 charge feed to cathode  5,, after the condensers 
2§ and  have been negatively charged from 
this grid and cathode  brought fo ifs normal 
static potential. 
Condenser 29 may serve fo regulate the length 
and amplitude of the output puise. 
The circuit illustrated ]S peculiarly effective 
in enabling the production of the delayed puise 
in good shape with exceedingly fine timing, as 
required in pecuiiar parts of modern radar and 
other systems of similar principle. 
While the two tubes illustrated are triodes, 
if will be understood that these three elements 
are the essentials, and that modifications are 
possible using tetrodes or pentodes without de- 
parting from the spirit of the invention. 
In the circuit the coupling rime constant is 
such that a step function ai the input appears 
as a puise at the grid of the cathode follower 0. 
This cathode follower by virtue of the large 
cathode resistance dth relatively large by-pass 
ai |T converts the pu]se upon ifs grid into a 
practically isolated charge on condenser 6 be- 
coming gradually effective ai grid 10. The vari- 
able resistance T in series with the second ca- 
pacitor 2 causes the second capacitor to charge 
exponentially from the voltage on condenser 
The changing rate and hence the rime required 
for the capacitor 25 to chàrge to a giveh voltage 
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is varied at witl by adjustment of the resistor 17. 
At the given voltage the biocking oscfllator 
rires to produce the output puise. 
This circuit as iilustrated is capable of work- 
ing smoothiy with delays of a tenth of a micro- 
second to eight micro-seconds. This range may 
be extended by appropriately attering the param- 
eter values in the circuit shown in the drawings. 
In comparison with other delay means if should 
be observed that mutti-vibrators, for example, 
often nsed to give controtlable deiays are hot 
satïsfactory for detays of less than perhaps ton 
micro-seconds. In comparison with delay means 
such as transmission lines with either lumped 
or distributed constants it shouid be noted that 
although the latter means ar'e used for deiays 
of less than ton micro-seconds it is diflïcult to 
vary the length of the delay and particularty 
fo make the variation continuous. 
From the foregoing description, therefore, it 
will be evident that I have provided an efficient 
and positive means to accomptish the purposes 
noted. Various modifications of the invention 
may be resorted fo within the scope of the ap- 
:pended ctaims. 
I claim: 
1. A microsecond delay circuit for delivering 
a shaped output puise with predetermined detay 
responsive to puise input, consisting of a filt 
triode having a high resistance grid to ground 
return, a second triode, a variable resistance in 
series between the cathode of the first tube and 
the grid of the second tube, a blocking capaci- 
tance in series between the cathode of the first 
tube and ground, a smatler blocking capacitance 
in series between the grid of the second tube 

and ground, a cathode resistance of the second 
tube returned fo ground, a B current supply con- 
nected to the anodes of the tubes and to ground, 
means to bias the second tube at witl fo a pre- 
5 determined level related to a given input pulse fo 
be responded to, means coupted to the second 
tube to transmit said output puise, and means 
responsive to conduction in the second tube to 
block the saine. 
]0 2. The circuit of claire 1 wherein the means to 
block the second tube comprises a three element 
transformer, a direct lead from the first-named 
resistance to the grid of the second tube inctuding 
a secondary of the transformer, said smatler 
] 5 capacitance being between said lead and ground, 
the plate circuit of the second tube including the 
primary of the transformer, a second secondary 
of the transformer constituting the said means fo 
transmit said output pulse, and a by-pass con- 
20 denser between the cathode of the second tube 
and ground. 
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